Introduction {#s1}
============

Stroke is an important cause of death and disability in the world. The major causes of ischemic strokes are occlusion of cerebral arteries either by a cardiac embolus or by thrombus formation in atherosclerotic vessel walls. The process of thrombus formation is initiated by two separate but interacting mechanisms: fibrin formation and platelet activation. Thrombolytic therapy is the only approved treatment for acute cerebral ischemia in order to recanalize the occluded artery and reestablish the blood flow([@R01]) .However, benefit from this treatment rapidly declines over time after symptom onset. The number needed to treat to have one patient with favorable outcome is 4-5 treatment started within 90 minutes after symptom onset(([@R02]) . This number increases to 14 if the treatment has been started between 3 to 4.5 hours after symptom onset([@R02],[@R03]) . Within this current time window, early recanalisation is strongly associated with improved functional outcomes and reduced mortality ([@R04],[@R05]). For this purpose the duration of the ischemia should be considered as an important factor of the viability of neurons in the penumbra. There are several reports of good outcomes and recovery after treatment of acute stroke with thrombolytic therapy within 4.5 hours after the onset ([@R06],[@R08]).

Today only a small proportion of stroke patients in Iran have the benefit of thrombolytic therapy. The reasons are delaying in referring patients, local unavailability of thrombolytic therapy, fear of hemorrhagic transformation and limited number of existing stroke units. There is scarce data about r-TPA usage in the Middle-East.

The aim of this study was to evaluate the feasibility, outcome and safety of intravenous thrombolysis with r-TPA in acute ischemic stroke patients treated in a university hospital with a unit specialized in early stroke treatment. We evaluated patients transferring and the time interval before starting the treatment. We also studied the effects of hemorrhagic transformation on stroke prognosis. The population studied was patients admitted and treated with intravenous r-TPA during the first two years from implementation of this therapy.

Methods {#s2}
=======

We prospectively recorded all patients treated with intravenous (IV) r-TPA for ischemic stroke at our hospital between August 2010 and August 2012 in an ongoing register. The protocol was approved by the local ethics committee. All patients with acute ischemic stroke admitted within the first four and half hours of stroke onset were considered for intravenous thrombolytic therapy. Inclusion and exclusion criteria for systemic r-TPA treatment were those of the National Institute of Neurological Disorders and Stroke (NINDS) study. This study was conducted at stroke unit of Firoozgar university hospital, affiliated to Tehran University of medical sciences. Patients who were treated with intravenous thrombolysis between August 2010 and August 2012 were included in the study. Patients admitted to our hospital with acute stroke were first examined clinically in the emergency room. Brain CT scan was performed as soon as possible and interpreted by an experienced neuro-radiologist. Informed consent was obtained from the patient or his relatives. A total of 37 patients were treated with intravenous r-TPA within 4.5 hours from symptom onset. Intravenous r-TPA (0.9 mg/kg) was prescribed in eligible patients with acute ischemic stroke within 4.5 hours after the onset. The Protocol of r-TPA administration was based on the research supported by the the National Institute of Neurological Disorders and Stroke (NINDS) . Patients received 0.9 mg/kg of IV r-TPA (alteplase; ActilyseR), 10% as bolus and 90% as continuous infusion over 60 min, up to a maximum of 90 mg. IV r-TPA was administered immediately after screening and admission to the emergency room or stroke unit.

Most of the exclusion criteria were similar to the guidelines proposed by the American Heart Association and American Stroke Association. We gathered data from the Firoozgar stroke registry. Variables were biographic information of patients, time of arrival to hospital, time of r-TPA administration, dosage of r-TPA, and follow up information. The patients or their family completed a consent form for application of their information in the study. An examination by one neurologist was performed during the hospital stay. A cerebral CT scan was performed before discharge if the neurological status did not improve or immediately if it deteriorated.

Intracerebral hemorrhage (ICH) was categorized primarily as symptomatic versus asymptomatic, based on the NINDS trial. Symptomatic ICH was defined as a CT-documented hemorrhage related to clinical deterioration as judged by the treating physician. Asymptomatic hemorrhagic transformation refers to evidence of post-treatment ICH on T2-weighted MRI or CT without clinical evidence of neurological deterioration, i.e. National Institutes of Health Stroke Scale (NIHSS) within three points of pre-treatment score. Any deterioration of symptoms or signs was a criterion for performing a Brain CT-scan without contrast for ruling out of hemorrhagic transformation. If there was no deterioration of symptoms or signs, the brain CT was performed after 24 hours of stroke onset to decide on initiation of anti-platelet therapy. In this cross-sectional study, asymptomatic ICH has been considered as ICH visible on brain CT after 24 hours without any deterioration of symptoms.

*Statistical analysis:* Patients were classified into three major groups: symptomatic ICH, asymptomatic ICH, and no ICH. Initial bi-variate comparisons were performed among these three groups. The data was expressed as mean ± standard deviation (SD). Chi-square test and t-test were used for qualitative and quantitative data, respectively. Statistical significance for intergroup differences was assessed by Student's t-test for continuous variables, Mann-Whitney U test for nonparametric data, and Fisher exact test for categorical comparisons. A probability value of \<0.05 was regarded as significant. All statistical analyses were performed with SPSS version 16 for windows (SPSS Inc. Chicago, IL, USA).

Results {#s3}
=======

Thirty seven patients with acute ischemic stroke who treated with r-TPA were evaluated. The mean age of participants was 70.2 ± 10.9 years (range 44 to 87 years). The overall mean NIHSS score before administration of r-TPA was 15.4 ± 4.6 (range 7 to 25). The mean symptom to-needle time was 186 ± 61 minutes (range 50 to 270 minutes).

Thirteen (35.1%) of them were female and 24 (64.9 %) were male. The mean dose of administered r-TPA was 60.5 ± 12.04 mg (50-90 mg). There were hemorrhagic transformations in 9 (24%) patients of which 5 patients were male and 5 were female. Seven (18%) cases of hemorrhagic transformations were found incidentally within 24 hours control brain CT without any deterioration of neurologic symptoms ( asymptomatic ICH), one of them had ICH after 48 hours and the other had ICH after 72 hours that were associated with decrement of the level of consciousness ( symptomatic ICH ). There were no significant differences in r-TPA dosage and CVA (cerebrovascular accident) to r-TPA time between patients with and without hemorrhagic transformation (p=0.51). Mean Systolic and diastolic blood pressure was higher in patients with symptomatic hemorrhagic transformation, but this difference was not significant (p=0.09).

There were no significant differences between non-hemorrhagic post r-TPA and asymptomatic post r-TPA hemorrhagic outcome and prognosis according to NIHSS, Barthel (p=0.3) and MRS (Modified Rankin Scale) (p=0.2) scale in the two groups ([Table 1](#T1){ref-type="table"}).

###### Comparison of age, r-TPA dosage, mean systolic and diastolic blood pressure, NIHSS, MRS,Barthel score and duration of hospitalization between patients with and without hemorrhagic transformation.

  ----------------------------------------- ------------------------------------------ --------------------------------------------- -------------- -------------- ------
                                            Patients with hemorrhagic transformation   Patients without hemorrhagic transformation                                 
                                            Symptomatic                                                                              Asymptomatic                  
  Mean Age ± SD (Number patients)                                                      73.4 ± 12                                                    69.2 ± 10.6    
                                            78 ± 5.9                                                                                 69.8 ± 11.0                   
  p- value                                                                             0.11                                                                        0.9
  r-TPA dosage ± SD                                                                    59.8 ± 7                                                     63 ± 14.1      
                                            72 ± 2                                                                                   56 ± 9                        
  p- value                                                                             0.59                                                                        0.09
  CVA to r-TPA ± SD (min)                                                              181 ± 65                                                     176 ± 59       
                                            115 ± 91                                                                                 200 ± 49                      
  p-value                                                                              0.1                                                                         0.51
  Mean SBP ± SD (mm/Hg)                                                                152.5 ± 30.5                                                 156 ± 29.7     
                                            160 ± 42.2                                                                               150 ± 30.3                    
  p-value                                                                              0.2                                                                         0.09
  Mean DBP ± SD (mm/Hg)                                                                86.9 ± 9.6                                                   89 ± 15.9      
                                            85 ± 7.7                                                                                 87.5 ±10.8                    
  p-value                                                                              0.6                                                                         0.2
  Mean BS ± SD                                                                         150.8 ± 60.8                                                 143.7 ± 37.3   
                                            142 ± 19.0                                                                               153.2 ± 69.6                  
  p-value                                                                              0.6                                                                         0.6
  NIHSS at admission ± SD                                                              16.4 ± 5.5                                                   15.7 ± 4.3     
                                            16 ± 4.2                                                                                 16.5 ± 6.1                    
  p-value                                                                              0.9                                                                         0.2
  NIHSS after 1 day ± SD                                                               13.2 ± 4.0                                                   13.8 ± 5.4     
                                            11 ± 1                                                                                   13.6 ±4.3                     
  p-value                                                                              0.9                                                                         0.07
  NIHSS after 7 days ± SD                                                              12.8 ± 2.3                                                   12.5 ± 5.8     
                                            13 ±1                                                                                    12.8 ± 2.5                    
  p-value                                                                              0.3                                                                         0.06
  MRS(sd)                                                                              4.25 ± 0.9                                                   3.5 ± 1.3      
                                            5 ± 1.8                                                                                  4 ± 1                         
  p-value                                                                              0.9                                                                         0.2
  Barthel(sd)                                                                          15 ± 25.9                                                    33 ± 30.8      
                                            18.5 ± 10.6                                                                              22.5 ± 31.8                   
  p-value                                                                              0.4                                                                         0.3
  Duration of hospitalization (sd) (days)                                              27 ± 26.6                                                    12 ± 9         
                                            20.5 ± 19.0                                                                              28.3 ± 26                     
                                                                                       0.5                                                                         
  p-value                                                                              0.5                                                                         0.04
  ----------------------------------------- ------------------------------------------ --------------------------------------------- -------------- -------------- ------

MRS (Modified Rankin Scale)

NIHSS (National Institutes of Health Stroke Scale)

There were no significant association between occurrence of symptomatic or asymptomatic hemorrhagic transformation with history of diabetes mellitus (p= 0.7), hypertension (p= 0.9), atrial fibrillation (P= 0.3), previous history of CVA (p= 0.7), TIA (p= 0.6) and hyperlipidemia (p= 0.3)**.**Hospitalization was significantly longer in hemorrhagic group in comparison to non-hemorrhagic group (p=0.04).

Discussion {#s4}
==========

The results of this clinical study suggest that intravenous thrombolytic therapy for ischemic stroke is feasible and safe in a hospital setting in the treatment of acute stroke in Iranian patients. Overall outcome will only be improved when the majority of these patients can be given the benefit of thrombolytic therapy. However, the treatment's safety must be guaranteed by a defined quality of structure, process and outcome. Prior to introduction of intravenous thrombolysis as a treatment option for acute ischemic stroke in our department, most of the patients considered for this therapy could not receive thrombolytic therapy, mainly because of the time limit. Broad education of the public and referring physicians regarding the importance of early treatment may help to shorten these time intervals. Improvement in pre-hospital and in-hospital fast-track mechanisms may further improve the outcome. Intracranial hemorrhage is the major complication of thrombolytic treatment.

Chiu et al([@R10]) prospectively investigated 30 patients in the Houston area treated with intravenous r-TPA. They concluded that r-TPA administration is feasible, safe, and efficacious when guidelines are carefully followed in an urban setting. In the ASSG report ([@R11]), 32 (35%) of 93 patients given r-TPA within 8 hours of stroke onset had evidence of blood on a computed tomogram (CT) done at 24 hours. Moreover, in the NIH trial, three symptomatic intracerebral hematomas (parenchymal hemorrhages) were documented clinically and by CT (within 24 hours) in the 0- to 90-minute group (4%) and two in the 91- to 180-minute group (10%)([@R12]) . In our study there were no association between the duration of CVA to r-TPA administration and occurrence of ICH (neither symptomatic nor asymptomatic ICH).

ICH following r-TPA is due to reperfusion of cerebral vessels which their integrity has been disrupted by severe ischemia ([@R13],[@R14]). Two publications have been reported on the risk factors of hemorrhagic transformation in patients who were treated with r-TPA after ischemic stroke, including NINDS (National Institute of Neurological Disorders and Stroke) and ECASS (European Cooperative Acute Stroke Study)([@R15])([@R16]) . Hemorrhagic transformations have been classified according to their appearance on CT in the ECASS, including hemorrhagic infarction (HI) and parenchymal hemorrhage (PH)([@R17],[@R18]) . Also hemorrhagic transformations were classified into symptomatic or asymptomatic intracerebral hemorrhages in the NINDS r-TPA stroke trial. In contrast to the NINDS and ECASS ([@R09][@R16]), there were no significant association between NIHSS of patients at admission and the risk of hemorrhagic transformation in our study, this might be due to strict consideration of r-TPA protocol in our stroke center.

Risk factors for symptomatic intracerebral hemorrhage in the NINDS r-TPA stroke trial were the severity of neurological deficit at baseline, the presence of ischemic changes on pretreatment CT scan, and treatment with r-TPA([@R09]) .

High blood pressure, congestive heart failure and cardio-embolic stroke has been related to intracranial hemorrhage after r-TPA for ischemic stroke in both experimental and clinical settings ([@R17]-[@R19]). Larrue and colleagues reported that there were increased risk of hemorrhagic transformation in patients with cardio-embolic stroke, patients with congestive heart failure and patients with higher systolic blood pressure ([@R20]). In our study the symptomatic ICH was associated with the high systolic blood pressure and atrial fibrillation with risk of hemorrhagic transformation (neither symptomatic nor asymptomatic ICH). It is probably due to limited number of patients in our study.

There is association between history of diabetes mellitus and serum glucose on admission and risk of symptomatic ICH. In long-standing diabetes, chronic micro-vascular damage may predispose vessels to rupture in the setting of ischemia ([@R21]). This factor may lead to increased hemorrhagic transformation ([@R22]).

In our study there was no significant association between history of diabetes mellitus and symptomatic ICH occurrence (neither symptomatic nor asymptomatic ICH). As Chiu et al described in their study, we also demonstrated that if the protocol is followed carefully, taking r-TPA is feasible and safe in our community.

Conclusion {#s5}
==========

In conclusion, thrombolysis in acute ischemic stroke in Iranian patients is safe and feasible provided that hospitals equipped with stroke unit and attached strictly to the guideline.
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